The micro optical texture structure is one of the most relevant characteristics of coke. In this paper, the texture features, especially the fractal feature, of coke slice image is analysed, and a box-counting algorithm is implemented to calculate the fractal dimension of coke slice image. At the same time, some co-occurrence matrix-based statistical texture features are also analysed. From the experimental results, the relationships between fractal dimension statistical texture parameters and the porosity of coke are developed, which provide an important basis for the auto analysis of coke quality.
INTRODUCTION
The microstructure of coke is very important in its macro-property analysis. Optical texture observed with polarized light optical microscope is one of the most relevant characteristics of coke because it is closely related to conductivity, thermal expansion, mechanical strength and graphitizability [1, 2] . There are some researches about the coke image analysis [3] ; most of them fix on determining the coke pore structure parameters, part features of the optical texture. Up to now, the optical texture is mainly analysed with manual, which depends on the experience of experts.
In coke slice images, there is complicated porosity structure, with stochastic configuration and infinite fine feature, which is difficult to characterized with Euclidean set such as border length, shape factor and compactness perfectly. These complex geometrical structures usually can be described with the texture features, such as fractal dimensionality [4] and other statistical texture features. So, in this paper, the fractal feature of coke slice images is firstly analysed, the fractal dimension of those images is calculated, and the relationships between fractal dimension and optical texture structure of coke slice image are studied. Besides, some co-occurrence matrix-based statistical texture features, such as energy, entropy, inertia, and so on, are calculated, the relationships with fractal feature and optical texture structure are analysed too.
TEXTURE FEATURES OF COKE
Texture refers to properties that represent the surface or structure of an object (in reflective or transmissive images, respectively). People usually describe texture as fine, coarse, grained, smooth, etc., implying that some more precise feature must be defined to make machine recognition possible. Such features can be found in structure of a texture, which imply the spatial relationship between primitives. It is not difficult to find that to characterize the optical structure of coke slice image, texture features are suitable.
Coke Slice Image
The fractal of porosity material such as coke usually can be modelled as a sponge model, as illustrated in figure 1 .
In order to acquire the slice image of coke, which can be used to analyse the optical structure, resultant cokes obtained are mounted in epoxy resin and smoothed using progressively finer grades of silicon carbide paper, then polished using alumina powder. Optical textures of the cokes are observed from the polished surfaces using reflected polarized light microscope. The slice images used to analyse the optical texture of coke are captured from the polished surfaces over reflected polarized light microscope with CCD.
Fractal Feature of Coke
Analyses of coke images from electron microscopy shows that coke slice images under different magnifications have the similar grey distribution [5] , as shown in figure 2. It means that there is self-similarity structure of coke under different scales, which imply that there are fractal features in coke image.
In fact, the diversity of coke optical texture comes from the difference of long-range ordering of microcrystal structure. Microstructure of coke is composed of large numbers of microcrystals with similar orientation. The microcrystal orientation of coke with isotropy is stochastic, with lower possibility of long-range ordering. The mosaic texture is composed of those microcrystals with near orientation; their possibilities of long-range ordering are higher. The fibre texture is come from some fibre structure units, which are composed of microcrystals with near orientation.
The theory of fractional geometry proposed by Benoit B. Mandelbrot offers an effective model of characterizing the stochastic configuration and infinite fine feature of multi-pore, such as coke. The facts mentioned in above means, by analysing the fractal feature such as fractal dimension of coke image, some information about the optical texture could be extracted efficiently.
The Texture Feature in Coke
Texture refers to properties that represent the surface structure of an object; it is widely used, and perhaps intuitively obvious, but has precise definition due to its wide variability. From the coke slice image, it is not difficult to find that there are repetition and self-similarity structure, it is implies there is texture feature in coke. There are two main texture description approaches, statistical and syntactic. Statistical methods compute different properties and are suitable if texture primitive sizes are comparable with the pixel sizes, co-occurrence matrices and correlation are some most used parameters the characterize it.
FRACTAL AND FRACTAL DIMENSION OF COKE 3.1. Fractal And Fractal Dimension
Some typical characteristics included in fractal (represented with set F) is as follows 1. There are fine details in F. 2. It's so irregular that cannot be described with traditional geometrical language both globe and local. 3. There is self-similarity with it, approximately or statistical. 4. Its fractal dimension is usually larger than its topology dimension. 5. In most interesting situation, F can be defined in simple way, may be produced with iterative. There are many definitions of fractal dimension. Hausdorff fractal dimension is the most perfect one, but it does not convenient to calculate. The boxcounting method used in fractal theory is a method for estimating the fractal dimensions of a plane set such as a grain profile.
This method uses squares or boxes of various sizes to place over a planar object. The equal sized boxes required to cover the object are numbered. Usually, the number of boxes required to cover every portion of the fractal object is dependent upon the box width. As the box size (δ k ) decreases, the number of covered boxes grows according to a power law,
Texture feature analysis of coke slice image To calculate the box dimension (dim B F), the number of boxes versus the box size is plotted on a log-log scale. The increase in box number with decreasing box size produces a negative sloped plot. The box dimension (dim B F) is obtained by measuring the absolute value of slope of the double-logarithmic plot. This box dimension reflects how rapidly the complexity develops as the box size decreases. The smaller the fractal complexity of a figure, the lower the fractal dimension.
The Fractal Dimension Calculation of Coke
From the slice images captured from the polished surfaces over reflected polarized light microscope with CCD, the optical texture can be analyzed. This is two-dimensional problem; the fractal dimension can be calculated with the box-counting method mentioned in 3.1.
To compute the fractal dimension, a series of meshes with various box sizes are tilted over grain. The number of boxes covering on grain are counted for each given box size. A double log-scale plot of the covered number of boxes versus the box size is plotted. The fractal dimension of this optical texture is obtained from the absolute slope value of the regression line slope, as shown in Figure 4 . At the same time, we have also calculated the porosity (ρ p ) from the Figure  1 (b) . The porosity was defined as follows (3) where the 0s represented the pixels of pores, the 1s represented those of grains, and N is the total number of the image.
THE CO-OCCURRENCE MATRIX-BASED TEXTURE PARAMETERS OF COKE
The co-occurrence matrix method of texture description is based on the repeated occurrence of some gray level configuration in the texture [6] ; this configuration varies rapidly with distance in fine texture and slowly in coarse texture. The coke optical texture structures are often been classified as isotropy, mosaic, fibre, etc., according to the size and the smoothness under optical microscope.
Co-occurrence Matrixes
Suppose that the part of image to be analyzed is an N × N rectangular window. An occurrence of some gray level configuration may be described by a matrix of relative frequencies P θ, d (a, b) , describing how frequently two pixels with grey levels appear in the window separated by a distance d in direction θ. These matrices are symmetric if defined as given below. (4) where  {…}  refers to set cardinality and
Texture Parameters
Some texture parameters defined on the co-occurrence matrices are as follows Energy, or angular second moment
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Contrast (a measure of local variations)
Correlation (a measure of image linearity, linear directional structure in direction θ result in large correlation values in this direction) (8) where µ x , µ y are means and σ x , σ y are standard deviations Homogeneity (9)
SOME EXPERIMENTAL RESULTS AND DISCUSSION
To analyse the fractal feature of coke, some coke slice images are chosen. The samples of coke slice images were from Jinan Iron and Steel Plant, as illustrated in Figure 5 . Table 1 lists the fractal dimensions and the porosity of five typical coke images. From this table, it is not difficult to find that there are relationships between fractal dimension and optical texture structure. With the fractal dimension decrease, the porosity increased. Texture feature analysis of coke slice image By comparing the images showed in Figure 5 and the fractal dimensions listed in table 1, we found that the image number 5 has fine texture and more complicated structure, and its fractal dimension is higher; the image number 1 has coarse texture and relatively simple structure, its fractal dimension is lower. Table 2 lists the fractal dimensions and the co-occurrence matrix based texture parameters of above five-coke slice images, where f 1 is angular second moment, f 2 is entropy, f 3 is contrast, f 4 is correlation, and f 5 is homogeneity. From the calculating results, it is not difficult to find that the surface gray level of image number 2 varies slowly in distance and its texture feature is less distinct, the energy (or angular second moment) of this image is bigger and the contrast is the smallest; the surface gray level of image number 4 varies rapidly in distance and its texture feature is more distinct, the energy (or angular second moment) of this image is the smallest and the contrast is the biggest. The texture feature in image number 1 is simple, the entropy of this image is the lowest; the texture feature in image number 5 is the most complicated, the entropy of this image is the highest.
As shown above, there are direct relationships between these texture parameters and optical texture of coke, analysis of the texture parameters of coke slice image is necessary. The further research work of study the relationship between texture parameters and macro-characteristic is undertaken.
